Background Malignant pelvic tumors frequently pose challenges to surgeons owing to complex pelvic anatomy and local extension. External hemipelvectomy frequently allows adequate margins but is associated with substantial morbidity and reduced function. Limb salvage is an alternative approach when adequate margins can be achieved, but long-term function and survival are unclear. Questions/purposes We therefore determined the longterm survival; development of late local recurrence and metastases; function; and need for further reconstructive procedures for patients undergoing limb salvage for treatment of malignant pelvic tumors. 
Introduction
Malignant tumors of the pelvis remain one of the most challenging problems for the orthopaedic oncologist [3, [5] [6] [7] [8] [9] [10] . Resection of these tumors is difficult due to their location, local extension, often large size, and complex regional and local anatomy. The resultant defects from internal hemipelvectomy cause substantial postoperative morbidity and functional impairment. We previously reported on 60 patients with pelvic limb salvage for malignant pelvic tumors with an average followup of slightly greater than 5 years [8] . Most reports include an average followup of less than 10 years [1, 3, 5-7, 9, 10, 12, 13] .
In 1989, we reported patient demographics, surgical margins, and histologic diagnoses in 60 patients who underwent pelvic limb salvage for malignant tumors between 1970 and 1985 [8] . At that time, 41 of the original 60 patients were alive, 38 of which were alive with no evidence of disease.
To update our 1989 study, we determined the following: (1) long-term survival, (2) risk of developing late local recurrence, (3) risk of developing late metastases, (4) possible change in function at long-term followup, and (5) incidence of further reconstructive procedures at longterm followup.
Patients and Methods
We retrospectively reviewed the records of 41 of the 60 patients who underwent limb-sparing surgery of the pelvis for a malignant pelvic tumor between 1970 and 1985 at our institution and were alive at the time of the original report in 1989 [8] . The index study group demographics included 32 male and 28 female patients, with an age range of 9 to 71 years (mean, 36 years) [8] . Diagnoses of the 60 patients included 34 chondrosarcomas, 13 osteosarcomas, six fibrosarcomas, four Ewing's sarcomas, and three others. Preoperative staging studies included routine radiographs, CT scan, MRI, and nuclear scanning. A musculoskeletal oncologist determined the patient's Enneking stage, while a musculoskeletal pathologist determined the histologic grade. Indications for surgery were (1) the tumor could be resected with satisfactory surgical margins and amputation would not provide a better margin and (2) the anticipated functional result would be superior to external hemipelvectomy with prosthetic fitting [8] [9] [10] . Contraindications for surgery were (1) inability to achieve a satisfactory surgical margin with limb salvage, (2) inability to preserve a functional limb due to tumor involvement of the sciatic nerve and/or iliac vessels, and (3) unresectable and/or widely metastatic disease on presentation. Of the 41 patients, the three patients who were alive with evidence of disease in 1989 subsequently died of their disease. Of the 38 patients alive with no evidence of disease in 1989, four were lost to followup, two died of their disease in 1990, four died of causes unrelated to their pelvic tumors, and one died of an unknown cause, leaving 27 survivors. The minimum clinical followup of the 27 survivors was 23 years (mean, 29 years; range, 23-38 years). The minimum followup for the 15 patients who filled out questionnaires was 24 years (mean, 30 years; range, 24-38 years). We did not recall any patients specifically for this study; all data were obtained from medical records and questionnaires. We obtained prior Institutional Review Board approval.
The latest clinical followup for these patients typically included a clinical examination by a local physician or a musculoskeletal oncologist at our institution. Twenty seven patients had a chest CT scan or chest radiograph obtained at latest followup, radiograph of their pelvis, and/or a CT scan or MRI of their pelvis. We reviewed all medical records. Clinic visits and radiographic examinations were supplemented by letters and questionnaires provided by our institutional cancer registry to obtain survival, local recurrence, metastases, and incidence of late reconstructive procedures. We developed a specific questionnaire (Appendix 1) and sent it to all 38 patients who were alive with no evidence of disease in 1989 to assess tumor recurrence, tumor metastases, and functional scores, including Musculoskeletal Tumor Society (MSTS) score and Toronto Extremity Salvage score (TESS). There were 27 survivors, 15 of whom returned the questionnaire. We did not perform functional assessment for the 12 patients who did not return the functional questionnaire, but we were able to obtain their clinical data from their medical records for determination of survival of their tumor, local recurrence, metastases, and further reconstructive procedures. The patients filled out the functional questionnaires, which limited bias. We calculated the patient's MSTS and TESS scores by utilizing standard scoring, as previously published [2, 4] . We compared individual patients' 1989 MSTS scores to their current MSTS scores at long-term followup (range, 24-38 years). Although we were only able to obtain 15 of 27 questionnaires for functional scores, each patient who returned the functional questionnaire served as his/her own control since we could compare 1989 and current MSTS scores for each patient. We performed subgroup analysis of the functional scores based on type of resection. The classification of internal hemipelvectomies was based on the resected region of the innominate bone from posterior to anterior: Type 1 = ilium; Type 2 = periacetabular region, and Type 3 = pubis. En bloc resection of the ilium and sacral ala was classified as an extended Type 1 [3, 4, 8, 10] .
Results
At 23 to 38 years, the overall survival was 45% (27 of 60): 59% (20 of 34) of patients with chondrosarcoma and 23% (three of 13) patients with osteosarcoma were alive. The survival rate for all causes, assuming the four patients lost to followup were deceased, of the 38 patients reported alive with no evidence of disease in 1989 was 71% (27 of 38) ( Table 1 . three) were alive ( Table 2) . Of the 34 patients with longterm followup data, two died late of their disease (Table 1) .
Of the 34 patients with long-term followup data, 24 had pelvic chondrosarcoma; of these, three had a late local recurrence (12.5%). All late recurrences were Stage IB, Grade 1 pelvic chondrosarcoma. Wide excision had a 7% late local recurrence (one of 14) and marginal excision had a 33% late local recurrence (two of six). Three patients had a contaminated wide margin but no recurrence. Treatment of these late local recurrences consisted of surgical resection, including conversion to external hemipelvectomy in one patient, and all remain disease-free.
In 1989, 21 patients had metastatic disease of our original index 60 patients (35%). Late metastatic disease to bone developed in two additional patients, resulting in an overall metastasis rate of 38% (23 of 60), 87% (20 of 23) of whom died of their disease. Both of the late metastases were bone metastases (Table 1) , and these patients underwent resection and were disease-free at last followup. No patient developed late pulmonary metastases; one patient alive at long-term followup had pulmonary metastasis resection in 1972 [8] .
We saw a decline in function at long-term followup. In the 15 patients who filled out questionnaires, the current average TESS score was 66 (range, 39-100) (Fig. 1) and the current average MSTS score was 18.5 (range, 1-30) or 62% (range, 3%-100%), compared with an average MSTS score of 24 (range, 7-30) or 80% (range, 23%-100%) reported in 1989, which represents a 22.5% functional decline in MSTS score over 30 years. The largest decline occurred in emotional acceptance (35%), followed by gait (31%) (Fig. 2) . Subgroup analysis of functional outcome based on type of resection demonstrated the largest decline (35%) in Type II/III or IIA/III resections (Table 3) . We attempted to perform an analysis on the change in patients' functional scores based on the specific type of pelvic reconstructive procedure; however, only three of 15 patients with functional data had an iliofemoral arthrodesis, while the rest had no reconstructive procedure performed, so no such an analysis could be performed (Table 1) . Two case examples of patients with chondrosarcoma treated with internal hemipelvectomy are shown at long-term followup (Figs. 3, 4) . We identified late related surgeries for complications from pelvic limb salvage in two patients. One patient underwent femoral lengthening to improve limb shortening and one underwent three hernia operations (Fig. 5) . No patients underwent conversion to another type of pelvic reconstruction or additional late pelvic reconstructive procedures. There were important limitations of our study. First, due to the retrospective nature of our study, we could not determine the time course for the functional decline we observed as we only were able to compare their 1989 MSTS score to their current MSTS score at most recent followup. Second, during this time, imaging modalities improved (CT/MRI) and new imaging modalities were introduced (positron emission tomography/CT), which may have influenced localization of pelvic disease and accuracy of staging. Third, during the study period of 1970 to 1985, the majority of reconstructions were iliofemoral arthrodesis or no reconstruction at all. While reconstructive capabilities have expanded, no patient in this series underwent additional pelvic reconstructive surgery. Finally, we could not perform an analysis of the patients' functional scores as a factor of their reconstructive procedure owing to the variations in reconstructions. Therefore, we are uncertain whether these influenced survival or local recurrences.
Our long-term survival of 45% (27 of 60) at 23 to 38 years is comparable to the literature, with a range of 42% to 71% survival at short-to medium-term followup (Table 4 ). In our series, 75% of patients with Stage IB pelvic sarcoma were alive at 23 to 38 years versus 31% of patients with Stage IIB pelvic sarcoma. All patients with Stage III died within 5 years and were reported in our initial publication [8] . This rate is similar to those in the literature, ranging from 77% to 97% survival for Stage IB and 23% to 75% for Stage IIB [7, 10, 12, 14] . If a patient with pelvic sarcoma is free of disease 5 years after sarcoma resection, the subsequent risk of death from sarcoma for that patient appears to be low.
Patients with pelvic chondrosarcoma appeared to be at particular risk of late local recurrence (three of 24). Our original report demonstrated a 17% rate of local recurrence (10 of 59) in which we performed en bloc excision of the malignant pelvic tumor; therefore, the overall local recurrence rate at 23 to 38 years was 22% (13 of 59). This is comparable to the literature, with a range of 7% to 35% local recurrence rate at short-to medium-term followup ( Table 4 ). We suggest continued monitoring for local recurrence of these patients beyond 5 years after index resection, with CT or MRI of the pelvis performed on an annual basis, particularly for those patients with chondrosarcoma. As previous reports show, a wide margin should be the surgical goal [3, 7, 10, 14] . Our marginal excision patients with long-term followup had a 40% (two of five) rate of local recurrence versus 9% (one of 11) rate of local recurrence with wide excisions. If late local recurrence develops, long-term survival could still be achieved with additional surgery. In our experience, only one of three patients with late local recurrence required conversion to an external hemipelvectomy. Only two patients had late metastases; both had spread to bone. No patient developed late pulmonary metastases. Our overall metastases rate was 38% (23 of 60), comparable with the literature of 17% to 60%. Based on our limited data, we cannot recommend guidelines for longterm monitoring for the development of metastatic disease, but in our experience, pulmonary metastases after 5 years are rare.
Our long-term functional data demonstrated a functional decline of 22.5% over 23 to 38 years. Ritter et al. [11] demonstrated Harris hip scores decline at an average of 0.67 points per year between 3 and 10 years after THAs with no evidence of radiographic loosening and concluded deterioration in the functional capacity of aging patients is an important factor in longitudinal studies using scoring systems. It is likely the functional capacity of our aging patients influenced the functional decline over 23 to 38 years. However, we saw the largest functional decline in emotional acceptance (35%). We speculated, with longer followup, the focus of patients shifted from being sarcoma survivors to being functionally impaired individuals. This decline in function, especially in emotional acceptance, may be helpful information to provide to patients who are considering undergoing an internal hemipelvectomy.
The incidence of late reconstructive surgery was low. Only two patients underwent further reconstructive procedures related to their pelvic resection but not the tumor: one underwent femoral lengthening and the other had three hernia operations. It is encouraging that patients did not require further conversion to another type of pelvic reconstruction and that there were few late surgical procedures.
If satisfactory margins are achieved, we believe internal hemipelvectomy with limb salvage remains appropriate for tumor control and function. We found rates of survival similar to those reported in the literature at short-to midterm followup. Surgical stage of malignant pelvic tumors correlates with long-term survival. Patients with pelvic chondrosarcoma appear to be at risk of late local recurrence, especially with marginal excisions. If a patient with pelvic sarcoma is free of disease 5 years after sarcoma resection, the subsequent risk of death from sarcoma for that patient appears to be low.
How does this bother you in general? (8) 
